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(54) Mobile communication system for providing IP packet communications and method for 
routing IP packets 



(57) A plurality of packet gate ways (PGWs) are 
connected between a mobile communication system 
(1 01) and an internet (1 09) so that the corresponding IP 
subnetworks (1 1 0) to those PGWs may be built A visi- 
tor location register (VLR) operates to notify the PGW of 
location information of the mobile station (MS) and an IP 
address of a data terminal connected with the MS, If the 
notified IP address belongs to another IP subnetwork, 



the PGW notifies the corresponding PGW to that IP 
subnetwork of a fact that the local PGW is a destination . 
The PGW operates to manage the location information 
of the MS connected with the data terminal based on 
the notified content and perform the packet routing 
based on the managed content. 
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address to the destination, as proposed in JP-A-9- 
326805, has the following problems. If the data transfer 
is started from the network, the access to the home net- 
work is required for obtaining the IP address of the data 
terminal. Hence, the system disclosed in JP-A-9- 5 
326305 is required to solve the problem for reducing an 
overhead burdened in retrieving the IP address as well 
as obtaining the latest IP address of the terminal from a 
fixed IP network such as the internet. 

[0014] It is therefore an object of the present invention 10 
to provide implementation of IP packet transfer through 
an efficient route in a mobile communication system, 
[001 5] it is a further object of the present invention to 
provide implementations of IP packet transfer based on 
the existing management of movement in a mobile com- is 
munication system and start of the packet transfer ena- 
bled by a network 

[001 6] According to a feature of the present invention, 
plural contacts are provided between the- mobile com- 
munication system and the IP network. The connection 20 
of the mobile communication system at each of the con- 
tacts is executed by a packet gate way having a router 
function so that an area of the mobile communication 
system is arranged of plural IP subnetworks in corre- 
spondence to the packet gate ways located inside of the 25 
mobile communication system. 
[0017] According to another feature of the present 
invention, a request for registering a location of a mobile 
station includes an IP address of a data terminal con- 
nected to the mobile station. A visitor location register 30 
manages both the location information of the mobile 
station and the IP address of the data terminal con- 
nected with the mobile station. Together with it, an area 
of the mobile communication system is divided into plu- 
ral IP subnetworks so that the location information of the 35 
mobile station and the IP address of the data terminal 
connected to the mobile station are notified to the corre- 
sponding packet way to the IP subnetwork where the 
mobile station is located (IP subnetwork containing a 
radio cell where the mobile station is located). 40 
[0018] According to another feature of the present- 
invention, the packet gate way manages the IP address 
and the location information notified from the visitor 
location register. If the notified IP address does not 
belong to the corresponding IP subnetwork to the 45 
packet gate way, the packet gate way (home packet 
gate way) corresponding to the IP subnetwork where 
the notified IP address belongs is identified. The notified 
IP address and the IP address of the packet gate way 
(that corresponds to the destination packet gate way as so 
viewed from the home packet gate way) are notified to 
the identified home packet gate way. 
[0019] According to another feature of the present 
invention, when receiving the IP packet, the packet gate 
way compares the IP address of the sending destination 55 
with the iP address managed by the packet gate way 
itself in correspondence to the location intonation. If the' 
packet gate way itself manages the IP address that 



matches to the received IP address, the IP packet is 
transferred on the corresponding location information to 
the (P address. As a result of the comparison, if the 
received IP packet is determined to be the IP packet 
destined for the data terminal connected to the mobile 
station moved to the corresponding IP subnetwork to 
another packet gate way, the IP packet is transferred to 
the destination packet gate way. 

[0020] According to another feature of the invention, 
plural packet gate ways are connected between the 
mobile communication system and the IP network. 
Hence; the corresponding IP subnetworks to the packet 
gate ways may be built in the mobile communication 
system. 

[0021] In this type of mobile communication system, 
the send and receive of iP packets to and from the data 
terminal connected to the mobile station is executed by 
the corresponding packet gateway to the IP subnetwork 
where the mobile station is located. Considering the 
increase of the users of the data communication in the 
near future, the transfer of IP packets may be imple- 
mented through an efficient route, 
[0022] According to another feature of the invention, 
the request for registering a location of the mobile sta- 
tion contains the IP address of the data terminal con- 
nected to the mobile station. This results in 
implementing the transfer of IP packets based on the 
existing management of the movement of the mobile 
communication system. Further, since the IP address 
may be fixed to each data terminal, the packet transfer 
may be startecTby the network initiative. 

BRIEF DESCRIPTION OF THE DRAWINGS 

■ 

[0023] 

Fig. 1 is a diagram showing an arrangement of a 
mobile communication system according to a first 
embodiment of the present invention; 
Fig. 2 is a block diagram showing hardware of a 
packet gate way (PGW) included in the first embod- 
iment; 

Fig. 3 is a table showing a home packet routing 
table located in a cache memory of a managing unit 
of the packet gate way (PGW) included in the first 
embodiment; 

Fig. 4 is a table showing a visitor packet routing 
table located in a cache memory of a managing unit 
of the packet gate way (PGW) included in the first 
embodiment; 

Fig, 5 is a block diagram showing hardware of a vis 1 
itor location register (VLR) included in the first 
embodiment; 

Fig. 6 is a table showing a terminal location manag- 
ing table for managing the visitor location register 
(VLR) included in the first embodiment; 
Fig, 7 is a view showing a sequence for registering 
a location of a mobile station (MS) included in the 
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packet bus 240. 

[0036] As shown in Fig. 2. a managing unit 210 
includes a processor 212, a memory 211 for storing a 
program to executed by the processor 212. a cache 
memory 213 for storing a packet routing table to be dis- 
cussed below, a buffer memory 214 for storing packets, 
a buffer memory controller 215, a harddisk controller 
216, and a harddisk 217. 

[0037] The processor 212 operates to collect the rout- 
ing information and update the latest routing table by 
executing the program stored in the memory 21 1. At a 
time, the processor 212 also operates to collect the 
information of the MS 102 located in the IP subnetwork 
1 10 of the mobile communication system 101 and then 
update the packet routing table. Further, the processor 
21 2 operates to do a packet routing process of transfer- 
ring IP packets between the internet 1 09 and the IP sub- 
network 110 based on the packet routing table by 
executing the program stored in the memory 21 1 . 
[0038] Further, the buffer memory controller 21 5 oper- 
ates to do a DMA (Direct Memory Access) transfer of 
packets to a cell-packet converter 233 included in the 
RNC interface unit 230 and control a packet bus 240, 
[0039] Moreover, as shown in Fig. 2, the routing unit 
220 includes a processor 222, a memory 221 for storing 
a program to be executed by the processor 222, a buffer 
memory 224, and a buffer memory controller 335. In 
addition, the routing unit 220 has a cache memory 223 
for storing a routing table required for fast retrieval and a 
port controller 226 for connecting to another router or 
the like. 

[0040] The processor 222 executes the program 
stored in the memory 221 . According to the program, 
the processor 222 performs a routing process of select- 
ing the most approximate route on the internet 109 
based on the routing table. 

[0041] In Fig. 2, one port controller 226 serves to sup- 
port four ports. In the first embodiment, these four ports 
are used for connecting with another PGW 108. 
[0042] As shown in Fig. 2, the RNC interface unit 230 
serves to connect plural RNCs 105 with the VLR 107 
through an ATM line and includes a plurality of line l/Fs -. 
231, a switch 232 for switching ATM lines, and a cell- 
packet converter 233. 

[0043] In the first embodiment, a permanent virtual cir- 
cuit (referred to as a PVC) for.fixedly connecting with a 
destination is set between the VLR 107 and the PGW 
108. Between the PGW 108 and each BS 104, each 
PVC is set through the RNC '105, The transfer of IP 
packets between the BS 104 and the PGW 108 is exe- 
cuted on this PVC. 

[0044] Figs. 3 and 4 show the packet routing tables 
located in the cache memory 213 included in the man- 
aging unit 210 of the PGW 108. 
[0045] The packet routing table is a table used for 
managing the moving information of the data terminal 
1 10 (in actual, the MS 102 connected with the data ter- 
minal 112) inside of the IP subnetwork 1 10 and between 



the IP subnetworks 110. Fig. 3 shows a home packet 
routing table 301 for managing the location information 
of the MS 102 connected with the data terminal 112 
having the IP address belonging to the local IP subnet- 

5 work 110, while Fig, 4 shows a visitor packet routing 
tabie 401 for managing the location information of one 
or more MS's 102 located in the local IP subnetwork, 
selected among tine MS's 102 each of which has the 
data terminal having the IP address that does not 

10 belong to the local IP subnetwork 110, 

[0046] As shown in Fig. 3, the home packet routine 
table 301 is arranged to have an IP address 302 of the 
data terminal to which the local IP subnetwork 110 
belongs, the location information (for example, the radio 

is cell identifier) 303 for indicating the radio cell located in 
the local IP subnetwork 110 if the MS 102 connected 
with the corresponding data terminal 112 is located in 
the local IP subnetwork 110, and an IP address (desti- 
nation PGW address) 304 of the PGW 1 08 for manag- 

20 ing another IP subnetwork 1 1 0 if the MS 1 02 connected 
with the corresponding data terminal 112 is being 
moved to the IP subnetwork 1 10. 
[0047] Fig. 3 shows an example of a home packet 
routing table 301 in the PGW #A (108a). The MS #A 

25 (102a) connected with the data terminal 112a having 
the IP address 302 belonging to the local IP subnetwork 
#A (1 1 0a) is located in the radio celt #A (1 03a). The MS 
#C (102c) connected with the data terminal 1 12c having 
the IP address 302 belonging to the local IP subnetwork 

30 #A (1 10a) is being moved to another IP subnetwork #B 
(1 1 0b) managed by the P WG #B (1 08b) . 
[0048] As shown in Fig. 4, the visitor packet routing 
table 401 is composed of the IP address 302 of the data 
terminal 112 connected to the MS 102 that does not 

36 belong to the local IP subnetwork 110 and the location 
information 303 for indicating the radio cell 103 at which 
the MS 102 connected to the data terminal 112 is 
located in the local IP subnetwork 110. 
[0049] Fig. 4 shows an example of the visitor packet 

40 routing table in the PGW #A (1 08a). The MS #D (1 02b) 
connected with the data terminal 11 2d having the IP 
address that does not belong to the local IP subnetwork 
#A (110a) is located in the radio cell #B (103b) in the 
local IP subnetwork #A (1 10a). 

45 [0050] Fig . 5 is a diagram showing the hardware of the 
VLR 107. 

[0051] As shown in Fig. 5, the VLR 107 includes a 
harddisk 501 for holding the location information and 
the subscriber's information of the MS 102, a harddisk 

so controller 502, a memory 503 for storing a program for 
managing the location information and the subscriber's 
- information of the MS 1 02, a processor 504 for execut- 
ing this program, an MSC interface 504 through which 
the VLR 107 is connected to the MSC 106, and a PGW 

55 interface 506 through which the VLR 107 is connected 
with the PGW 108. Those components are connected 
with each other through an internal bus. 
[0052] In the first embodiment, the PGW interface 506 
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mation to the PGW in the home area to which the MS 
1 02 belongs. 

[0069] In" the first embodiment, as mentioned above, 
since the request for registering the location transmitted 
from the MS 1 02 to the MSC 1 06 is arranged to have the 
IP address 302 of the data terminal 112, the VLR 107 
can obtain the IP address 302 of the MS 102, In place, 
however, the VLR 107 can obtain the IP address 302 
from another component such as the mobile station 
user JD 602 without putting the IP address 302 in the 
request for registering the location. For example, the 
VLR 107 operates to pass the mobile station user ID 
602 as a key to the home location register 1 07 that cor- 
responds to the VLR where the MS 1 02 belongs so that 
the VLR 107 may be given back the IP address 302 of 
the data terminal 112 connected to the mobile station 
102, 

[0070] In turn, the description will be oriented to the 
content of the process of receiving the request for regis- 
tering the location, executed by the PGW 108, with ref- 
erence to the flowchart of Fig. 9. 
[0071] When the PGW 108 receives the request for 
registering the location information from the VLR 107, 
the PGW 108 performs the process of receiving the 
request for registering the location information shown in 
Fig. 9. 

[0072] As shown In Fig, 9, in the process of receiving 
the request for registering the location information, the 
PGW 108 determines whether or not the IP address 

302 contained in the received request for registering the 
location information belongs to the IP subnetwork 110 
managed by the PGW 108 itself (step 901). If it belongs 
to the IP subnetwork 110 managed by the PGW 108 
itself, it is checked if the IP address 302 is registered in 
the home packet routing table 301 (step 902). If not reg- 
istered, the IP address 302 and the location information 

303 contained in the received request for registering the 
location information are registered in the home packet 
routing table 301 (step 903). 

[0073] If the IP address 302 is pre-registered in the 
home packet routing table 301 (step 902), it indicates 
that the MS 102 connected with the data terminal 112 
having the IP address 302 is temporarily moved to 
another IP subnetwork 110 and then returned to the 
location IP subnetwork 110. Hence, the operation is 
executed to delete the destination PGW address 304 
corresponding to the IP address 302 of the home packet 
routing table 301 and, instead, set the location informa- 
tion 303 contained in the received request for register- 
ing the location information (step 904)* 
[0074] Further, if the IP address 302 contained in the 
received request for registering the location information 
belongs to another IP subnetwork 110 (step 901), the 
PGW 1 08 operates to register to the visitor packet rout- 
ing table 401 the IP address 302 of the relevant data ter- 
minal 112 and the location information 303 of the 
relevant MS 1 03 contained in the received request for 
registering the location information (step 905). 



[0075] Moreover, the PGW 108 operates to retrieve 
the home PGW 108 for managing the IP subnetwork 
110 belonging to the IP address 302 from a table 910 in 
which the IP address of the IP subnetwork 110 to be 
s extracted from the IP address 302 is located in corre- 
spondence to the IP address of the PGW 108 for man- 
aging the IP subnetwork 110 (step 906). 

[0076] As shown in Fig. 7, the PGW 108 operates to 
send the IP address 302 of the data terminal 112 con- 

10 nected to the MS 1 02 having issued the request for reg- 
istration and the IP address of the PGW itself (that 
corresponds to the destination PGW address 304 for 
the home PGW 108 obtained as a retrieving result) as a 
notice for moving information to the home PGW 108 

15 obtained as the retrieving result (step 907). 

[0077] In the first embodiment, the routing unit 220 of 
the PGW 108 is served to connect the relevant PGW 
1 08 with another PGW 1 08. At the step 907, the notice 
for moving information is sent from the port control unit 

so 226 of the local PGW 1 08 to the home PGW 1 06 in the 
form of the JP packet whose destination address is the 
IP address of the PGW 1 08 obtained as the retrieving 
result. 

[0078] In turn, the description will be oriented to the 

25 content of the process for receiving the notice for mov- 
ing information to be executed by the home PGW 108 
with reference to the flowchart of Fig. 1 0. 
[0079] The home PGW 108 performs the process for 
receiving the notice for moving information shown in 

30 Fig. 10 when it receives the notice for moving informa- 
tion from another PGW 108. As shown in Fig. 10, in the 
process for receiving the notice for moving information, 
the home PGW 108 checks whether or not the IP 
address 302 of the data terminal 112 contained in the 

35 received notice for moving information is pre-registered 
in the home packet routing table 301 (step 1001), 
[0080] If not registered, the IP address 302 and the IP 
address 304 of the destination PGW contained in the 
received notice for moving information are registered in 

40 the home packet routing table 301 (step 1002), 

[0081] If the IP address 302 is pre-registered in the 
home packet routing table 301 (step 1001), it is checked 
if the corresponding location information 303 to the IP 
address 302 has been already set (step 1003). If 

45 already set, it indicates that the MS 1 02 connected with 
the data terminal having the IP address 302 is moved to 
another IP subnetwork 110. Hence, the operation is 
executed to delete the corresponding location informa- 
tion 303 to the IP address 302 of the home packet rout- 

so ing table 301 and the destination PGW address 304 
contained in the received notice for moving information 
to the home packet routing table 301 (step 1004). 
[0082] If the location information 303 has not been set 
yet (step 1003), it indicates that the destination PGW 

55 address 304 has been already set and the MS 1 02 con- 
nected with the data terminal having the IP address 302 
is temporarily moved to another IP subnetwork 1 10 and 
then is returned to another IP subnetwork 110. Hence, 
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the IP subnetwork 110 means that the MS 102 is 
located within the service area (the same radio eel! 103) 
composing the relevant IP subnetwork 110. 

[01011 In this case, the MS 102 connected with the 
sending side data terminal 112 operates to send the IP 5 
packets to the PGW 1 08 through the BS 1 04 and the 
RNC 105. These IP packets are transferred to the MS 
1 02 connected with the destination data terminal 1 1 2 by 
the PGW 108 through the BS 104 and the RNC 105. 
[0102] Further, as shown in Fig. 14B, the second pat- w 
tern indicates the case that on the completion of 
access, the IP address of the destination data terminal 
112 belongs , to the same IP subnetwork 110 as the 
sending data terminal 112 but at the time of transferring 
the IP packets, the MS 102 connected with the destina- is 
tion data terminal 112 is being moved into another IP 
subnetwork 110. 

[0103] In this case, at first, the IP packets are sent 
from the MS 102 connected with the sending side data 
terminal 1 12 to the PGW 108 through the BS 104 and 20 
the RNC 105- These IP packets are transferred from the 
PGW 108 to another PGW 108 for managing the desti- 
nation IP subnetwork 110 to which the MS 102 con- 
nected with the destination data terminal 1 12 is moved. 
Then, the IP packets are transferred to the MS 1 02 con- 2s 
nected with the destination data terminal 112 through 
the BS 1 04 and the RNC 1 05 by means of the destina- 
. tion PGW 108. 
[0104] As shown in Fig. 14C, the third pattern indi- 
cates the case that both upon completion of access and so 
at the time of transferring the IP packets, the IP address 
of the destination data terminal 112 belongs to any one 
of the IP subnetworks 1 1 0 included in the mobile com- 
munication system 101 but does not belong to the same 
IP subnetwork 1 1 0 as the sending side data terminal. 35 
[0105] In this case, at first, the IP packets are sent 
from the MS 102 connected with the sending side data 
terminal 1 12 to the PGW 108 through the BS 104 and 
the RNC 105. These IP packets' are transferred from the 
PGW 1 08 to another PGW 1 08 for managing the IP sub- 40 
network 110 where the destination data terminal 112 
belongs. The destination PGW 108 enables the IP pack- 
ets to be transferred to the MS 1 02 connected with the 
destination data terminal 112 through the BS 104 and 
the RNC 105- 45 
[0106] As shown in Fig, 14D, the fourth pattern indi- 
cates the case that the IP address of the destination 
data terminal 112 does not belong to any one of the IP 
subnetworks 110 included in the mobile communication 
system 101. so 
[01 07] in this case, the IP packets are transferred from 
the MS 102 connected with the destination data termi- 
nal 112 to the PGW 108 through the BS 104 and the 
RNC 105. Then, these IP packets are transferred from 
the PGW 1 08 to the internet 1 09. ss 
[0108] Figs. 15A and 1 SB show the sequence of two 
possible patterns of packet routing that may appear in 
the PGW 108 if the IP packet is received by the MS 102 



from the internet 109 after the data terminal 112 con- 
nected with the MS 102 has completed the access with 
the internet 109. 

[01 09] As shown in Fig. 1 5A, the first pattern indicates 
the case that at the time of transferring the IP packets 
from the internet 109, the MS 102 connected with the 
destination data terminal 112 is located within the IP 
subnetwork 1 1 0 managed by the home PGW itself. 
[01 1 0] In this case, the JP packets sent from the inter- 
net 109 are transferred by the PGW 108 having 
received those packets to the MS 102 connected with 
the destination data terminal through the BS 104 and 
the RNC 105. 

[0111] Further, as shown in Fig. 1 5B, the second pat- 
tern indicates the case that at the time of transferring 
the IP packet from the internet 109, the MS 102 con- 
nected with the destination data terminal 112 is being 
moved into another IP subnetwork 110. 
[0112] Jn this case, at first, the IP packets sent from 
the internet 109 are transferred from the PGW 108 hav- 
ing received those packets into another PGW 108 for 
managing the IP subnetwork 110 to which the MS 102 
connected with the destination data terminal is being 
moved. The destination PGW 108 enables the IP pack- 
ets to be transferred to the MS 102 connected with the 
destination data terminal through the BS 1 04 and the 
RNC 105. 

[0113] Fig. 16 is a flowchart showing a process of 
receiving the IP packets to be executed by the PGW 
1 08. The process shown in Fig. 1 6 is executed by the 
managing unit 210 included in the PGW 108 and is 
started by the interrupt given by the routing unit 220 
when it receives the IP packet. 

[01 14] As shown in Fig. 1 6, in the process of receiving 
the IP packets, if the IP packets received from the rout- 
ing unit 220 contain the routing information received 
from the internet 109, the managing unit 210 of the 
PGW 108 operates to update the routing information 
required for realizing the router function (step 1602). in 
addition, the process of the step 1 602 is likewise to the 
router function provided in the normal router. 
[0115] If the IP packets received from the routing unit 
220 are those transferred from another PGW 108 (step 
1603), the managing unit 210 of the PGW 108 indicates 
that those IP packets are those to be transferred to the 
data terminal having an IP address that does not belong 
to the local IP subnetwork 110 and to the data terminal 
being moved into the local IP subnetwork 110. Hence, 
the process of receiving the packets (to be discussed 
below) will be executed (step 1603). 
[01 1 6] If the IP packets received from the routing unit 
220 are not those transferred from another PGW 108 
(step 1603), the managing unit 210 of the PGW 108 
indicates that those IP packets are to be sent to the data 
terminal having an IP address belonging to the local IP 
subnetwork 110. Hence, the packet routing process (to 
be discussed below) will be executed (step 1605). 
[0117] Herein, the description will be oriented to the 
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tering the location provided from the MS 102 contains 
the IP address 302, At a time, the VLR 107 notifies the 
PGW 1 08 of the IP address 302 of the MS 102 and the 
location information 303 in the processes of registering 
the location and updating the location. Moreover, if the 5 
IP address 302 notified by the VLR 107 does not belong 
to the local IP subnetwork 110, the PGW 108 notifies 
the IP address 302 and the local IP address (destination 
PGW address 304) of the PGW 108 that manages the 
IP subnetwork 100 where the IP address 302 belongs, w 
According to the first embodiment, therefore, even if the 
data terminal 1 12 is moved between the IP subnetworks 
110, the packet routing can be realized which may 
transmit the IP packets to the MS 102 connected to the 
data terminal 112. That is, the mobile communication 75 
system 101 being in communication with the internet 
109 may select an optimal path for an fP packet transfer 
from the MS 1 02 to the internet 1 09 or vice versa within 
the system itself. 

[0134] As described above, the arrangement accord- 20 
ing to the first embodiment allows the movement of the 
data terminal between the IP subnetworks 110 and 
accordingly the movement of the data terminal 112 
between the IP subnetworks 110 each of which belongs 
to another mobile communication system 101- 25 
[0135] Further, in the first embodiment, the IP packet 
transfer to the MS 102 is realized on the basis of the 
existing management of the movement of the mobile 
communication system 101. This thus eliminates a 
great overhead to be burdened to the management of 30 
the movement if the Mobile IP is applied to the mobile 
communication system 101. 

[0136] Also in the first embodiment, the IP address of 
the data terminal may be fixed. This also thus eliminates 
the communication for obtaining the IP address of the 35 
data terminal if the IP packet transfer is done by the net- 
work initiative. 

[01 37] As will be obvious from the above description, 
in the first embodiment, the group of the MS's 102 
whose location information and subscriber's information 40 
are managed by the VLR 1 07 does not necessarily coin- 
cide with the group of the data terminals whose IP 
addresses are managed by the PGW 108. In the 
arrangement shown in Fig. 1, hence, the location infor- 
mation and the subscriber's information of each of the 45 
MS's 102 held in the MCS 106 are managed by the cor- 
responding VLR 107 to the MCS 106. At a time, all the 
RNCs 105 connected to the MCS 106 are connected to 
one PGW 108. Hence, the overall service area whose 
call is controlled by one MCS 106 is arranged to coin- so 
cide with the IP subnetwork 110 corresponding to one 
PGW 108, However, a certain installation of the RNC 
1 05 allows the RNC 1 05 connected to another MCS 1 06 
to be connected to one PGW 108. 

[0138] In turn, the description will be oriented to the. 55 
second embodiment of the invention with reference to 
Figs, 20 to 21, 

[0139] in the foregoing first embodiment, the IP 



address of the data terminal 1 1 2 connected to the MS 
102 belongs to any IP subnetwork 110. That is, the IP 
address is required to be managed by any PGW 108. 
However, the data terminal whose IP address belongs 
to another IP network may be moved to the mobile com- 
munication system 101, in which the data terminal is 
connected to the MS 1 02 when it is in use, 

■ 

[01 40] Accordi ng to the second embodiment, if such a 
data terminal is connected to the MS 102 within the 
mobile communication system 101 when it is in use, the 
data terminal may make access to the IP network where 
the IP address of the data terminal belongs and the 
internet 109 without having to update the IP address of 
the data terminal. 

[0141] Fig. 20 shows an arrangement of the mobile 
communication system according to the second embod- 
iment of the invention. 

[0142] As shown in Fig. 20, (ike the mobile communi- 
cation system according to the first embodiment shown 
in Fig. 1, the mobile communication system 101 accord- 
ing to the second embodiment accommodates plural 
MS's 102. 

[0143] As shown in Fig. 20, the mobile communication 
system 101 according to the second embodiment is 
connected to the Internet 109 through one PGW 108 so 
that one IP subnetwork 110 is arranged in the mobile 
communication system 101. 

[0144] Herein, the PGW 1 08 has a foreign agent func- 
tion in the Mobile IR 

[0145] Afso herein, an in-house network 2002 is con- 
nected to the internet 109 through a router 2003 having 
a home agent function in the mobile IP. 
[0146] In the second embodiment, the data terminal 
2001 whose IP address belongs to the in-house net- 
work 2002 is moved to the mobile communication sys- 
tem where it is used without changing the IP address. 
[01 47] Also in the second embodiment, in the process 
for registering the location of the MS 102 connected 
with the data terminal 2001 to be done when the data 
terminal 2001 is moved to the mobile communication 
system 101 , the PGW 1 08 performs a different process 
of receiving the request for registering the location infor- 
mation rather than the process done in the first embod- 
iment. That is, the arrangement of the second 
embodiment has a different process of receiving the 
request for registering the location information to be 
done by the PGW 1 08 from the arrangement of the first 
embodiment. 

[0148] Fig. 21 is a flowchart showing a process of 
receiving a request for registering the location informa- 
tion to be done by the PGW 108. 
[0149] As shown in Fig. 21 , in the process of receiving 
the request for registering the location information, the 
PGW 108 determines if the IP address 302 contained in 
the received request for registering the location informa- 
tion belongs to the local IP subnetwork 110, that is, the 
IP subnetwork managed by the PGW 108 itself (step 
2101). 
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the request for registering the location is 
located, based on the location information noti- 
fied from said mobile switching center; and 

means for notifying said identified packet gate 
way of said location information and said IP 5 
address notified from said mobile switching 
center. 

The mobile communication system as claimed in 
claim 1, wherein said mobile station includes: 10 

means for notifying a mobile switching center 
located in said mobile communication system 
of an ID of said mobile station itself through a 
device for configuring a radio cell where said is 
mobile station is located when issuing a 
request for registering the location, and 
said mobile switching center includes: 
means for notifying a visitor location register 6. 
corresponding to said mobile station of the ID 20 
notified from said mobile station and the loca- 
tion information of said mobile station when 
said mobile station issues the request for regis- 
tering the location, 

said visitor location register includes: 25 
means for obtaining an IP address of a data 
terminal connected with said mobile station 
having said ID, based on the ID notified from 
said mobile switching center; 
means for managing the ID and the location 30 
information notified from said mobile switching 
center and said obtained IP address in a corre- 
sponding manner to one another; 
means for identifying the corresponding packet 
gate way to the IP subnetwork having a radio 35 
celi where said mobile station having issued 
the request for registering the location is 
located, based on the location information noti- 
fied from said mobile switching center; and 
means for notifying said identified packet gate 40 
way of said location information notified from 
said mobile switching center and said obtained 
IP address. 

The mobile communication system as claimed in 45 
claim 4, wherein said mobile station includes: 

means for notifying the mobile switching center 
located in said mobile communication system 
of the ID of said mobile station through the so 
device for configuring a radio cell where said 7. 
mobile station is located, 
said mobile switching center includes: 
means for notifying the visitor location register 
corresponding to said mobile station of the ID 55 
notified from said mobile station and the loca- 
tion information of said mobile station when 
said mobile station issues a request for updat- 



ing the location, and 

said visitor location register includes: 
means for updating the location information 
managed in correspondence to the ID notified 
from said mobile switching center into the loca- 
tion notified from said mobile switching center; 
means for identifying the corresponding packet 
gate way to the IP subnetwork having the radio 
cell where said mobile station having issued 
the request for updating the location is located, 
based on the location information notified from 
said mobile switching center; and 
means for notifying said identified packet gate 
way of the location information notified from 
said mobile switching center and the IP 
address managed in correspondence to the ID 
notified from said mobile switching center 

The mobile communication system as claimed in 
claim 5. wherein each of said packet gate ways 
includes: 

means for managing the IP address and the 
location information notified from said visitor 
location register; 

means, if said IP address notified from said vis- 
itor location register does not belong to the cor- 
responding IP subnetwork to said visitor 
location register, for identifying another packet 
gate way corresponding to the IP subnetwork 
to which said IP address belongs; 
means for notifying said identified packet gate 
way of the IP address notified from said visitor 
location register and the local IP address; 
means for managing the IP address notified 
from another packet gate way and the IP 
address of said another packet gate way in a 
corresponding manner to each other; 
means, if the destination IP address of the 
received IP packet is managed in correspond- 
ence to the location information, for transferring 
the received IP packet to said mobile station 
connected with the data terminal having said IP 
address; and 

means, if the destination IP address of said 
received IP packet is managed in a corre- 
sponding manner to the IP address of another 
packet gate way, for transferring said received 
IP packet to said another packet gate way. 

The mobile communication system as claimed iri 
claim 6, wherein each of said packet gate ways is 
connected to a router having a foreign agent in a 
mobile IP specified by the RFC (Request For Com- 
ments) of the IETF {Internet Engineering Task 
Force) and a home agent function in said mobile IP, 
said router being used for another IP network rather 
than said IP network, and 
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sponding IP subnetwork to said local PGW and 
an IP address of a data terminal (1 1 2a, 11 2c, 
1 12d) connected with said mobile station; and 

a router function, when an IP packet with the IP 
address of said data terminal specified thereto s 
is received from said another fP network and IP 
subnetwork, of sending said IP packet to said 
mobile station connected with said data termi- 
nal by referring to said correspondence stored 
in said memory. 10 

11. The mobile communication system as claimed in 
claim 10, wherein when the mobile station belong- 
ing to the IP subnetwork corresponding to each of 
said PGWs is moved to another IP subnetwork, in 75 
said memory located in the destination PGW, the 
location information of said mobile station moved 
thereto is an IP address of the PGW corresponding 

to said another IP subnetwork. 

20 

12. The mobile communication system as claimed in 
claim 11, wherein said memory located in each of 
said PGWs further stores correspondence between 
the location information of the mobile station 
belonging to another IP subnetwork having being 25 
moved to the IP subnetwork corresponding to the 
local PGW and the IP address of the data terminal 
connected to said moved mobile station. 

i 

13. The mobile communication system as claimed in 30 
claim 10, wherein said mobile station is integrally 
connected with said data terminal. 

1 

14. A packet gate way (PGW) in a mobile communica- 
tion system (1 01), 35 

wherein a PGW is located in each of a plural- 
ity of internet protocol (IP) subnetworks (110a. 
110b; 110) located within an area of said mobile 
communication system and containing at least one 
radio cell (103a-103f) within said area, and is con- 40 
nected to another IP network (109). and 

each of said PWG comprises: 
a memory (213) for storing correspondence 
between location information of a mobile sta- 4s 
tion (102a, 102c, 102d) belonging to the IP 
subnetwork corresponding to the local PGW 
and an IP address of a data terminal connected 
to said mobile station; and 

a router function, when receiving an IP packet so 
with the IP address of said data terminal spec- 
ified thereto from said another IP network and 
IP subnetwork, of sending said IP packet to 
said mobile station connected with said data 
terminal by referring to said correspondence ss 
stored in said memory. 

15. The PGW as claimed in claim 14, wherein when a 



mobile station belonging to a corresponding IP sub- 
network to a local PGW is moved to another IP sub- 
network, in said memory, location information of 
said mobile station moved thereto is made to be an 
IP address of the corresponding PGW to said 
another IP subnetwork. 

16. The PGW as claimed in claim 15, wherein said 
memory further stores correspondence between 
location information of the mobile station belonging 
to another IP subnetwork having moved to the cor- 
responding IP subnetwork to said local PGW and 
an IP address of the data terminal connected with 
said mobile station having moved thereto. 

17. The PGW as claimed in claim 14, wherein said 
mobile station is integrally connected with said data 
terminal. 

18. An IP routing method in a mobile communication 
system, comprising the steps of: 

locating a plurality of IP subnetworks (110a, 
1 10b) each of which contains at least one radio 
cell (103a-103f) in an area of said mobile com- 
munication system; 

providing a packet gate way (PGW) in each of 
said IP subnetworks and connecting said PGW 
to another IP network (109); and 
when receiving an IP packet with an IP address 
specified thereto in each of said PGWs, routing 
said IP packet to a corresponding mobile sta- 
tion (102a, 102c, 102d) to said IP address. 

19. An IP routing method in a mobile communication 
network, comprising the steps of: 

locating a plurality of IP subnetworks (110a, 
1 1 0b) each of which contains at least one radio 
cell (103a-103f) within an area of said mobile 
communication system; 
providing a packet gate way (PGW) in each of 
said IP subnetworks and connecting said PGW 
to another IP network (109); 
in each of said plural PGWs, storing corre- 
spondence between location information of a 
mobile station (102a, 102c, 102d) belonging to 
the corresponding IP subnetwork to the local 
PGW and an IP address of a data terminal 
(1 12a, 1 12c, 1 12d) connected with said mobile 
station; and 

in each of said plural PGWs, when receiving an 
IP packet with an IP address of said data termi- 
nal specified thereto from said another IP net- 
work or IP subnetwork, routing said IP packet 
to said mobile station connected with said data 
terminal by referring to said correspondence 
stored in said memory. 
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